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Alerting Abstract EP A2 

NOVELTY - The driving voltage of an organic electroluminescence device (ELD) is 
reduced and the luminance increased by using a nitrogen-free aromatic compound in 
the electron-injection region or combining an N-containing aromatic compound with a 
specific reducing dopant in that region. 

DESCRIPTION - An organic electroluminescence device (ELD) (1) comprises (in order 
of lamination): 

(a) an anode layer; 

(b) a light emission region; 

(c) an electron injection region containing a nitrogen-free aromatic compound (I) and a 
reducing dopant (II), the electron affinity of the region being 1. 8-3.6 eV; 

(d) a cathode layer. 

An INDEPENDENT CLAIM (2) is also included for an organic ELD comprising (in order 
of lamination): (a) an anode layer; 

(b) a light emission region; 

(c) an electron injection region containing an electron-transporting compound (III) and 
a reducing dopant (IV) having a work function of ">2.9 eV, the electron affinity of the 
region being 1.8-3.6 eV; 

(d) a cathode layer. 

USE - As light sources for displays, printer heads and other domestic and industrial 
applications. 



ADVANTAGE - The devices exhibit luminances of up to 1300 cd/m 2 at low driving 
voltages and have lifetimes of up to 3000 hours. 

DESCRIPTION OF DRAWINGS - The drawing shows a vacuum evaporation apparatus 
for fabricating the electroluminescent device. 

211 substrate holder 

212 vapor source containers 
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g?||-l|S|i|1999-0082912 



(19)m&SJ^^S(KR) 
(12) 5?H^5l5M(A) 



98-962201 998 <£ 04S 08£J S! #(JP) 

0|0)|n|ii 2*J 7^A| ? pf0|Af £B|L+7f 7hSS 

S!* £1£ x|ficH? □(?£¥*! 3AD)I 1 y 12 

S!& 19 299-0293 icjpHFBf-M 7to|o|iEu|12eO 
a& *Mg299-0293 :M|7H?aW 7to|0|So|l280 



M 7f|o|s 



SIS WIS 299-0293^17- 
i.7fO S'SI^Ai 

^|Mfg299-02934:t||7^BM-l 7fn|0|^l 



.23* 

* sraewi a^wa a^^ss, is. a>wa¥ u, aa¥ 12 sy swe io# 

at el ^xkxi mow, a^si* 14011 =^ g oi^&is asm 2^ sm«, a& ^± si thts 01^ 
oia aa^ nai ate*, a *sa ses* saw, sx^ss(^^§ 1.8 mi*i 3.6ev s*W2i ass st 

a^?a* 14011 s*h**« sta« si aa^7[2.g e vo|s^ egg ses* sttstot s^sjjmi s*tsst^s lb m*i 

3.6eV S?N£| ri 9°S«I 5^1 EL^xtsl «£* Sf4M|?|;n SS*l?Uxj *M. 

S. 1S *il 1 M HI 2 4JA| gE(|a| ^7[ EL A*t<N E»S£0|ct. 
£ 2fc *il 3 4|a| gE«o| #7| EL ^x|B| yS£0|cf. 
£3S*I[ 4*JAl SEflsl ^7| ELA^sl 93£0|eK 
£ 4fe *ll 5 4|A| gE«°| ^L7| EL r£X[-2| «H£0|ct. 
£ 5fe ^Alofj 12| ^7[ EL ±*^l aSE0|cf. 
E 6S aja|o(| 2a| #7| EL £*ts| £tgHO|ct. 
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s. 7& hi 6 se«2| ggeat swsi aweoic*. 

E 8S 4 6 HM gEjal 5!3#s,i »x|s| BS£o|cf. 
£ 1 0S SEW #7| EL*t&m &S£0|c|, 

sasi ^a^goii oia^irgi ^g 10 g=?M2 B3^14 g*¥a¥ie srsis ss^ei^ssisa ss^sisiab 

20 HI 1 7)13*22 #a|7|fi24 HI 2 7 1 #50 ©=[52 HI 1 S7|=t54 HI 2 #7|af56 HI 3 #7|°t, «S¥58 SR60 #7| EL 

^HOO. 102. 102a. 104, 104a, 106 #7| EL ±^201 SSS*f §*I203 7|021 0 Sg3E21 1 7|B#q212 S*fffl213 SIS^Y 
213AS|S«ft!214HEf2Z1 7 r &S 



mo/ 7I£ W -2 £of §aW£ 
# StS£ ^7| gih ag ±* r (o|sK S7| el ixi-ara *mi)oil aa aoiq. q^ Au^it, ^SS a SSSei £A|7|7|(qi S 

SJ|0|) Et H@qS||H2| S£! §0£ AfgS^IOII Sji,S #7| EL ±M^\ aS SO|Cf. 



saial *7| el^a>o| mitsa k°js *«i sn hi 92-297076 s iiin ^i^q aq-. sa 1011 7HA ia S l±^ bobs 

70)| q-EW! n|£r ao| 5831- ¥B3^e! a^S 50^1 a(.o(o)| All g2( #7|a| 52, 54 SI 56S »IS S7|at»#S ^* sta ji 

q. nau, Afl gs| S7|<irg 582| as HI 1 S7|q 52o||fc go^ia s$.#o| Esqq S2, ag Sf^g 50a| as HI 2 
^7|q 540||fe =^gH| ££S0| Egqq aiq. olsjg- ^s%1| IStst CN *IS « B# SJ fit s|»S(o1|# §S S£a|H)o| a( 
aq. aa|jl, HI 1 #7|Bf 52£r HI 2 #7|sto|| »|o) at HI 3 #7iet* Sfitg 56°S aq. SitS 56t»lfe Hi 1 51 HI 2 * 
7|atel 52 51 54011 2|«g aspr «&|^o|th| §q. a mso|| o| #7| EL A* 60S g£ =?* SgfHS fcS BrS fl£(tt» £*)* 
^» ■¥ «q. 



SEfi, S2«£| #7| EL ±nsi q« o(fe. 2("Dioest of Technical Papers", SID'97, p.775, 1997)ot| JHA|£[q °|c|. ea 2d| 7« 
MS ELi*Rr gxr^ae* 8-*|£^A|fl*S A|St*((Alq Sf*ll)o|| Li* 87rfiHI££ ^^sICH 1W. 



nafi-t, SS 1<HI 711 a| S S7| EL^t:kh| SicHA), ^Sfll S£SsL Afsg C N *l?t sia# %< fit ilttSfi S7;^#^o||Ai ?|D|tl 
^Sfliaol a*m zis| a^s!Sf34* 3.7eV o|^a| feS ao|c|. zieIhs, o|# ^SAfl S^#S ?-*8te m 

#21- ygslol 3*1 o|5 *f*l| at <J|7|*t*l](»i!A| S ii| i: )» ssspi a&0 | a^f. a nlieoll *7| EL ±Ms\ SfS ?IE7| 3:ie| 
s|7Hi4^go| sqa shfe sHl7f slssq. 

£S, loll 7HA|@ ^7| EL Axuni Ho{M, Sm\^ S^#o| sgg HI 1 ff7|§£| gx| Ji^2f 374 5lafe|a| *|o| 

0.5eV 0|.yo S s a o|c|. o|nflao)|, HI 1 ^7|§o| gao| as°£ £|a HI 1 ^7|go s j=i El y#¥S2| 2?;| 

?aoi *s«iix|7| gnosis #7i el ±xw airaeoi q^ Wilms «ife sh|7| aacK 

SS, SS 2011 7HA|@ ^7| EL ASM aofAis, Alq sfHIfe 3^ Sa|# i8« a^AI, 4^1 A!q qh\ sj Li 4j*'Sci 01^.0)3 

aq. aeiHs, sa 1 chi 7«A|g el *sj°i-7ii el a^»i ?iE7i ^sjsi7i ai, t=soi *ft shpi 



nellAi, * ufojal (tgjf§s 4,^1 SHIS o||s| gasfoj, gx^s^oii ao|AH i±|lx|f sffspl 2t& S|a#s A|gsf 
714 at g±3!Xr-£ ISS 8f9^ Jial Afgtt g^oil acHAHE, sieas ^gsl-oi A|§a£s«| ^7| EL 

±t:|£| ^#ga# aiApu, tts ?ie* bums* «a|oii 4=s ssoi £28§ yasrS4. ^, & aae ?SS2fo| yji a 
a ?iE7i fes sei owsj 4soi a #7i el His*fe as a^. 
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s aas) #71 el i^ai vnm 1 mm sws, *ioie a^s, st&¥, a^?ej¥ g^ss *iais stse ? •?« *m, s 
*t^ei¥°ii a*i* iiasw as sai sia# si »sa £es# s#sra an, se s*i ^si¥*i a*i 

1.8 Ml^l 3.6eV a « i-H a| eM. 

o|£pao[ a^ ^g^ofl a^hi- ssj^i as asm mi masm M^ns.^ ^ggoi soia*! «>.|chi ?jg 

a ^ kisei. as s«© * sick s± s &s^i as nai si-ess a^ a ^is oi¥°i 
a af»^ 2aj sits set ai, ^ a a±s oi^ois ^ 221 juj-ss ^asioi an, a± e# sal sg a?i a 
e!7iw»*a -cn7|, -no 

2 7\, o\n\s.7\, o|D|E7|)am sffc Si »#7|5 Slfsw sifecf. ufefAf, gxHrfil^MI- a»¥*l II Si oil *1 A#o| ys g^^ 

o|§ *fi| s - ojjAi^aj^^ »fe a# iS"-i£5 etflia ^ 

Eta, a^?a¥<«i 21*1-1 ss«w as sf»ss aai sfa*at smi. #sia ess.* essas*! a± s*i# nmm a 
s as^ ubi siaeoi 3ife n&is s|H£s &aA|?jAi #ojs a^s e 4 a^h o*aw , sra sg»i ye ast 0|# 
sffli 9|A| # aii<>( gfa S ^s^i yxisw el ixw a»w ats ?i£2i &a si =f=a sas £asi ^ a* 

sEB, oief^oi *ix^2J¥^ a^aif^s measaMi ?(cny awasoi 2o\*m a*wa¥2i ws^ai ?«0°ii si 

otM S*fo|S«WI iEfe aiAiga,^^ g = ejqsra, sea 3x^3^21 S*a¥e| S^S S&2| IMSiE «Mlg^ Si^K 

flaw, *7| EL ixt<H| ao)Ai yg- ?| E =| sty =1 ^gj eJ3# i£aa =5= xich. 

sa, m 1 arasi # 7 | el dimi aoui, gx^ ^si^ai #aiaoias 10010 oiyai a°s sfe aoi ui-a^w. 

0|2^0| Sx^ ^.°J¥2| rfSiaoISS 100T= 0|#°£ 92£«|, #7! EL MlaSE* 0(|# #g 85 T: 0|xjo s B 4= <ycf. 

K|a(xl, aaAloll a^¥a«ol|A1 Kg¥sa| a-?HF-Sol| 2|as(jou!e) a|st| axl^a^7^U|yo)| Bf£s|feSS!o| #cHS 

Til sin, #?i el ixL°[ 4. a aas Est 4= aq-. 

hs, xii 1 s^gai #7| el ^^i# ^ysifeGii %o\m, asf 321 s^aaoi assia, s^-aa, maa, nia, mysa, a^iis, 

a»an«,*»e, -WIU?il, n-lEiniy^ii, xnaxisiiya si iP.«W4£l ol^oia 22a*t| »H4 o|tfa| #W 

a. sag 7 |# a#sfe go| u|-as|shcK 

SB, M 1 B92| #7| EL rtxhS -^asteqi SHOW, 2E| S1S*0| ^Eia *|fta 2B|, q^E|« *|«a 2 

ei si sbi^eh *iaa nai^oi^oia ^ss^ei aoisifeamoiasi grsis 221s sas 71* s#*it a°i aw 



as, hi 1 atsai #7! el ±xi* ^sfemi aou-i, aa« e»h7| ^seias^, siis-ff-g^. &^sie^2i a*h 

S, UB-aia4ffl| fiaas|#, a&a|£g4f2| W&ai£3<r2| ttsa»#. «s-#g^2| x, £ht Hfe e| £ = 3 ^o| sf Sa! 

■mil ol^cHS aa|2|fe o|&io| #S oj a0 | afifsJslcK 

IS, xi| 1 £>-g2| #7| EL ±x|» ¥«*te-c|| aolxl £eso| 3.0eV o|s|2) a°S ao| uf#^l*W. 

oB aoi aa4= aoi a oi*ra esa ebs* xis^o S ^_ ss«i w*iskx =?sa^2i #±, <am^ » 

a si sas sas ^ s«. 

5Eft, x|| 1 &g2| #7| ELiXH ^-SSfeqi ao|AH, «s« £BS7hU, Na, K, Rb SJ Cs°S ol^-CHa 5°S.¥Ei as|s|fe *m 
o|y»| gf#s|3^ej go| uUfsishcK 

ois asa EffHte jisi e«fe^oi Hiiaii ±if a7H«i 21*11 #7] el «w acHxi a® ?ie2| ssa, ^i# soocd/m 2 
oia(7v °j7isa)2| &ot 4>S2| 2, sa aa, on* ioooxiy oi^si ay 4=s* -r =s t a^. 

5E*1, x|| 1 #7| EL ±^9 =p-a*lfeE|| aofxi, axl ^¥21 o||Mx| *fo|S 2.7eV 0|At=| sfe a0 | H|&5|S^K 

oieieoi, ax^°j?2| on i_i x| *i-oi*a7ii «n*Fei axp^aJroii soi ois*fe a##a*w yxja^ fin i^aw, axi^g 
¥ m7\ a^sfe as Eiit 4 acf. 

ss, m 1 agai #7| el4:xi» ^Ajst-ci aoixH, &9^aai wgaieaa Ees2i m^fi^s 1:20 mixi 20:1 (*hd a 

*)M|a| Sfe ao| u|i,^s|cK 

sai tiasif saa iE»B2| 97i ui*oi o|2t as a?i wi ai^s #71 el ixiai sra t^oi a^ 

sitasoi a 4. 
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stt, hi 1 aaai *?i el i** t-s*^ su<h*i. a-a^sf awa^n a± attsra ate «bi& ewai a-sm aa) 
°m ^chi o|s(- eoi s^m s#si st»^ mei antes ssass*! ¥|<hu gistejoi £o|x|;a a*Hf g^-ow sta^s ?e 

a 7|| 3*W oiseif 'W*! 4= 5tlc|-. 

ESK H[ 1 Sf«2| #7| EL ixf* ?-SsfeG|| x(o)Af, Efe **sfe HI 2 gtg£| ^7| EL ixl* =?«s|-fec|| So|A-| , g^saf ax| 
?2I¥ ^f-o[ a °R«:e( ^S* a|o| at ofc S^oil TUBS* ti*|sfe 2o| u^sM. 

o|2f goi ?iisss #s fit a a-a 4=s a* msmi siwa * aw. 

E», * ass| cf# ^7 1 EL ix|2| =fEB(n| 2 gfgjotl 2|«|g, sjo|E of^S. 5t3Hr, axHr-SJJf St S=t§S *WIS s)S*I2 T 
i« its., a^Bl^oll ax|4=£S stltS 5! 8ttt^7| 2.9eV o|*|°j a-a*! a 9*12, ES SxHrSJ-^l ax|fi£|£|# 

1.8 m*i a.6ev a?N2i ass m# ^s°s 

o|2t a-oj axHfaiw ■u^s.m ^sas stt esg seas g*w*3 staeoi t«*s 3¥°iie .'.s*^ 

SSS^|?1 Salens It 4= SM. 3*K>|§ stai SE-b^Aiggiioi sMje Sti!s(2, #7| ELix|o|| ao|A1 

^§aaei a^, sra $isei as stf £at 4= a 4. ^, hi 2 ygoii slow*? sts^ esssi sa^oi ^7i cms 
011 m 1 aaaf stai a^s-a st£t#<xi a± as stst^ nai a a^isepiae sfe a± s^KSisxos asters st 
^21 ?&His£f atssfe 5* 3 hi it * srna *fe oiaoi sj^t. 

as, o|si aoi a^ ?ei"fi| a*i ssHMg Hi*ts-°s*i, gwaxst aa^i fliami kj°h ast oi# *wi at aws*^ 

71- a-JJSIfe efHISm S-M°«, axHrS¥S+ Stit^l *£U aa^l 5t«S «1HI«t 4= 2Jc|. cifaw, ^7| EL i*M Ho\M gt 
9 *ISa| »y §y 4=8 H^Si c-m SLSLI} 4= 2ic|. 

Sfl, HI 2 aS2| ^7| EL 9-aa teC || ^cHAi, ESS7lNa. K, Rb, Cs, Ca, Sr 31 BaS Ol^cHa 4d§i£| 

oi# sag sesfe uactE aa*^oi 32, amm ±&ai a7ioii si«g ^7i el ±m\ &o\m atst ?ie2| »y, og* ss 

500cd/m 2 o|^(7V £!7l27j)£| feS ao| ^slnj. £S =f=8 SJS, m* *S 1000*1^ 0|*>s| Wit^S* * Si^K 

SS, HI 2 EL ix« ^steq| acHAH, a^da «a#o| Si «itt £8* go| nwa|»fcf. 

si ss sis suites a^M»*«oi flom a^aaoi »y=pi nsom. 

aa, HI 2 StS2| *7| EL i^H ^*fec|| BOW, Si Bxf *IB«0| Si a# *t«, #ESI, fl*S #E«I, 

^A(t|0|-S ffEifl, E|0W0fS #£*ll S! BBlOlS SiEJfl^ 0|^0)S 5£S¥&I a^Slfe 3W 0|Af2| £|sfSo| g0 | HUfsism. 

HI 2 gf92| ^7| EL ±J|t ^stfeQl stow, a^+*^ 413*21 ftSa EBS2| S7|h|§# 1:20 4x| 20:1(#h|) a?l 

m|2| a°ss^aoi ufstsisfck 

g^*a *ie*^*fia 5E9=2| S7hu|»o| o[Ei&a¥| ?|ss sia EL i^2| ^f|£7lx-|s|.£|7|4^S0| a^'si 
HI 2 aS2| #7| EL ix|* x-AjsffecK acHAI, axHfgj¥2| #£130198 10013 o|4ts) S2S aol BHt^)«tcK 

o|2^ ad gx^a^ai ssiaoiag Hies°s«i. «7i el ^^21 lh'sss.s *oia, #71 el i*t2i 4=a a§t« eh* * a 



Ett, HI 2 gtg2| ^7| EL iA(# ?-SS|feq| ao|Ai, gfgJ?Ef a^gJ¥<XI SiJft S#2| a^#^ *IStw* M&zi^ 5io| 

a«i«w. 

m^Q a^oj¥ y^oii 012^01 §aa ##21 ax^ss sjass asa°s«i, ?ioiy a*taoi 4=^=12 axt T a 

OilA-l Ig^Si ^HHTII SXf7| 0|#» 4= §A|0|| 7|7||if a£# S4fA|l| 4> SJ^. 

oisniah ss*^ & atas) 4Ja| gEfloii ciisk>i agw. ie stss es# s waoi oisjs 4= st^ ses ^t^s 
«ai 37i, «y si m ai» j|«t«)a*»|A|*ie«i afs^t. ««w,e ass saio o|«i« as om=K a 

0, ESollfe eSSaAithJKSthatchinoJSiSstea^nMcK 

hi 1 ^a| gsii ^a. s. ia a-^«toi & st«2i #71 el hi 1 s^-i setuxi ai«i -ageci. e ie #?i el ^ 10021 hse 
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013, 10, 12, SW9¥ 14 m S^S 16* 7|»4KJEA|s|x| sfgjofl *NIS 3sb ^SS SB 51 8# l>eM2 31 



o|*H>M H 1 4W a Msl ^g^e! ¥£E! SWa* uoil q)«{ g^£|°S gSSiq-. afaW, a o|2|»| (HIS sa y 

10, Sm¥ 12 S! #sfS 16 ge| oj I1lg0| , cifsflAife 7JBSWI BgSM ate *#<H| cM^fe fp| EL g 

ow*i aatisi°s s^g ?s =j mas jh^b^ ac*. 

(D S^a^atSS^LaStB: *fl 1 S^ 2 ! 3*^°J¥fe S± B*» sS*W St€ BS«? sal *laS, «?, &±(c) 3! ^ 
i(H)S o|^o)S BSM! na| sf&S, sfe Bi(C), 4=i(H) S! tfi(0)S oi^chs a a) fli*B tMf*m Si^K IS B 

rfc 5! =M£ o[^<HS gfSME Hal 3 Da a Bi, 4=± a! i!±S o|*o)*i y»s 2a | SISSS zfzt 3«s a|§si)£ ££ 

opum si ss«w y8t ^ 2a i shttgst. <« »iaia, s^aa!, «na, m. nam. aai 

a, Ejiaana, = s3 , Eim®, mm<ii&. Mi^in^. saigas!, sis, mutism, ^uia^M* y "i^ 
ira »s oi^otg s°s^eh -yaiEit jm oiysi bb^ aais. saa 7is imsi-fe 5* s ^ ac*. 

SS, Si *M# aespl 3* BSK M SfS8£ o|« b»3} 2a|§ 3?H o|-y°| 2a|7( ^BS 2a|, °«# #g =f= 

2tfl tSSfe ao| SUM- b^^^cK o|°+ go| 37H o|Af°| 2£|7f $ti& BB^ 2a|* 7pS°s.u), SAh o|#£o[ fconun 
*7| EL A^al Bit B^A|?p-m mafgagS fe oj - 

£S, Si S*» sB*W SS- BB^ sal SBSS iEIS *I«b BB^ nal, £|iE|l *|«a BB3 3ia| sfe saliEjg 

*ibb sais gag 7| fi tt^s 

o|2f aoi iEii *iea 3ei# 7m°s«i *?i el as sssi^i s^ia * sjck 

tH7|<H|At iE[a *|«1S 7|» S^Shfe ftf»^ 2a| SJfJ*Sfe, 0(15 aej, Sh7| SfSW 1 CHI ^EJtH «4|2S aA|E| fe i(tig 



H7\ ±iVSM,n& ^a-r=« aA|*m, nS 1 m*| 40|cK 

St B-i=?7f 6 M| X| 40=! 7|(S-9^ 2a|)o|ck as- Ar 

1 e ai*7( 6 L|X| 402! a«^7|0|2, Ar 2 5J Ar 3 S Sfe fk±+?l 6 40?J 7|0|cK aa|31 Ar 

1 , Ar 2 3! Ar 3 # !H o|Af S y S « 7|o|cK s»i o|ei*i 7|fe 37« o|Ata| 2 a| 7 ( sfe aaqcH 2Jfc a°l h|BS|*W. 
SB t|iE|i *|&a 7|5 9#sfe 221 ^SS, 0)15 SB *PI tmM 2<H| 14EHS a*|E|fe S|f»S a IS* 

Ar 4 -L-Ar 5 

Ai7| Ajo||Ai,L& B^ 6 Mjx| 30Bi oH?«7|0|cK 

o|s|S o|ga 7|sfe, oi|# 63 nj|y a , alanyai, MsiS, et£aht!!c|ao| a^*^, S& o|-aa7|2| ^ESfe Base! ao| 
"Ht^lsW. 

SB Ar 4 5! Ar 5 Sfe o||# §S, t|iflyBSeKH. c-Wd*\®0\ B(BS|sfcf. 

SB ^7| 1 St 20HI i-lEI-t! SfB*g *[S7|S cm *l«ste aol HfBSlW. 0|2f *IS7|Sfe, oil* SS Bi^7f 

1 M|7C| 307H°J a' -I r ~ - i , i- si i*lJSAi7|. =ii=?7[ 6 lHa| 307Hei ohBBS7l. t|o!ao!u|t7|, N-Ba?H«B 
7| St N-2HU71UHS7I7! aJBS|«W. olfi *IB7|s *|&t!-°aA| ^s#o| 34 s| ffl-'J* fi.§si°a e(HI» f 2icL 

ftgAj Ee i- S m 1 aj A | gE (o)| tips gi^ojTfe £BSg «MW3. age ^S2S BcK o|7|o(W, SS« Htttfe B 
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*m 221 *tsso| tfst@ n*;* stsuig t sit #as s^igct. ntaw, sest si as stass at aoia 
sasi^it a^iy, ?«]st°^. aaais^, at^isa^ na^^- §3 i *, asaig^si assists, a- 

&£|a3^2| ifsft, »&EL|Eg*^ Itsaiate, £fe - - t J | « T U*s *WS S£#*» 

uHt*|S "IIS S9 Li(a|», SJ1K»: 2.93eV), NaC-tHS, fig^: 2.36eV), K(SS, 819^: 2.3sV), Rb(^u|S, 

Sg^: 2.16eV) a! CsMIS. Hit: 1 .95eV)g S 4" SI 4. fE*l Sits ilg ES[s-43&. 7|*«(, P493, Sj&atgal 

aw sou, s^7|o||A^iE otS7t*ioici. 

EES, ut&slS aaslSg^SSfe, oil* *S Ca(B6. 2.9eV). Mg(ctaL(&, aJ£H=: 3.66eV), Ba(n», S!g4=: 

2.52eV), S! Sr(^ = ^g, Slg^: 2.0 MM 2.5eV)« § 4= a|cK aa i=SB«e| £jg^ as SSlatSJHI c|HK>li2| N. Y. 
2|-0|S-1969B, P366M 7|*Mo) Kiel. 

JES, tstgsia i|a#g?Sf°S^, ofl= Yb(0|E)|ag, gjg^: 2.6eV). Eul^sL©, Slg^: 2.5eV), Gd(7t£&, 3.1 eV) 

SJ EnMsg, =ig*: 2.5eV)g • ^ 514. 

is, "tires asaia^ atwsfc, o«# sa u 2 o, uo Naos § 4= act. 

SS, t,t#*ia aa-a|ES4f itstSSLir, S3 CaO, BaO, SrO. BeO 3J M a 0« « * 2M. 

sfi, «ta*ia sfaais^ai asaafwsfe. °fi# sa uf, n 3 f a kf^ *^ste oiaioii, uci, kci si Naci* s 4= sjck 

SS, "tif*ia W»2|a3^2| esgafSSfe, o|[* §a CaF 2 , BaF 2 , SrF 2 , MqF 2 , BaF 2 ef ae S^SIS * »i-4tg o|s|°J g 

sa*»* s 4= act. 

as, unfile a«£ £9bs*i asfaia^oi arasa 5 214. oiEte easis^oi miflg ast^ £ia#e, 

o(|* S3 S|7| i|gi| 30)| qenj! ^^i|£S J£-MScf: 



WW 
A + Ar 6- 

&7| A|0||*). A£ 8f&£|3<r# 4ema, Ar 6 * S:£:^7t 10 MW 407HE1 «»R «M»o|cK 

si*t4| 3o)i j^a *«Hifife, oil* sa a-aw, --tasta, cwye-aKs. Naia, ^miy. aamy, Manual 
y a asi #s*is # -?= aci. 

ikes a^&'¥oii sjch-m iEea^i s7isfoii chsh asset. 2*^ei^» «is s*a» iooss%s sit a 
w siaa sessi S7H« o.oi mil 5ostf% bamisi a°s sk= aoi untais^. esa aes^i a 7 nfoi o.oiss% 

°IE>2! S7| EL i^2| ^ ?|E7| *ms|7|L4 ^go| B^s|fe §»o| xJeK S@, £#H2| S7Hfo| 50S^%# £ 

2|*h= a^, Siena as ?i£7i xistsiTm ^o d0 | ag0| o, cK 

cc|s|Ai, m-g ?ie sj ^sjfii a«oi aci ysswi sit agoiiAi, esssi g7ig^ 0.2 m*i 2oggt% a?M2i ass *i 

•feSOl act H|-fita|*fc|-. 

as, «taa £Bi2i Piston xioiAt, a-©^ *ta#2i ss« s&s^i a7tniss 1:20 4ix| 2o:i{*hij ha ^21 ass sfe 

go| Htgfs|*tct. S^#S SfS«3t Stag E»S2| «7| u|go| o|EHSt Woll acta, #7| EL m *IE7t »|*t2|7H 

tttaW, gt©f£ nal stm^ ?ta« E»ss| *j7t 1: 10 Ml^l 10:1(*4) SflMts) *te 5!o| act »|^-|JE, 1:5 

ujxi 5:1 a*iMi2i as S stt aoi untsistct. 

a*tfi are as. *ll 1 4J^I SEfloil at* ax|^oj^2| gxtEiat^g 1.8 mx| 3.6eV a*N2| ass sfe go| Ht#s|stct. gxta 
^ aoi 1.89V nisoi sia sxt^°^oi jc|*ts|o) ?saa2i y# s, 1 B-3a«£i ^s* ±ehs^ a»oi aa, aa. a^ast 
^ aoi 3.6ev# s^ta, stsagoi ys *t«i7t &n at^m gag gesi y«« sg^ss atm» =t= act. 

ctaW. a^Sl^sl S^tast^* 1.9 4^1 3.0eVS?IM|2| as.S *ttao| act at#a|*tH. 2.0 m*[ 2.5eViiflM|2| ass 
*tfe3do| atgfslstct. 

aa, nn^n^si aa^-si a^asresi *toi# i.2ev oi«tai a°s sife aoi autism, o.sev oistai aas *t& aoi act 
Hta^istct. oia axiait^°i *to|7t stesfg axt 2 ra"oii' , -H itg-¥s2i a4¥aoi -goisjxui a^-gaoi 7t*a el ± 
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£a|fiolfls», HI 1 SEfloj| •aaiM. s^oiaoi #e|go[g(^H|So|SiE)S 100TD o|#a( a°i S|fe so| Hf#s|s&, 
fich HHfs|s^|^ 105 l||x| 200V H*IM<s| S2 S sf CK 

o|2f 5>o| Sx^yjfal ^E|go|gs H|S!S-°S*|, ^7| EL ±x| 100e| Mia Sit So|Sp|| 85-0 o|#o£ »4= Mck. ccfB(A), 

asAioti o JmM s ^ aE ]i. sa0 | #astt moiisi, gxHf a??! eiaitjoii ^sit s » 0 | yrt=w si 

CH EL ±xfs| 4=9 a&S i28 4= 5M. 

ste s^a^sg ^aiaoigs ax^g,^» ^st^ as<Hi cma-i, Ai^a^Afs aiwtDsc)* 4ssw sij-i-ffgow ^ 
s^e io-c/-s-2i =Ea°s7raaaY-oii 4*^=1^ aia s1 ^aioiiah H |g ssraas^a* act. ohs c|*^a| §eh s u 

Mmi 5S!cHAHED^7fx|o|cK 

oiiMxi ^oi aa. iii 1 4W gEiioj ao)Ai sx^gi#.<>i on mxi *k>ks& *(oi ohl-)xd# 2 .7 B v oiy°i ass sfe aoi nf#*m 

a, 3.0eV o|Afo| ass 3j 0( Mch h^sM. 

oi2f aoi, chimai *i-o|2| a# ^aa °\*t, n& mn z.7ev o|a>o £ 5H sra as0 | s^sm -gxpf-eiYs oiseRr 

So| sicHx|7|| slcf. ttplA-t, a S n|. gxfo| jflaSf^l £#o| SHsl<H ff7| ELiiA^ fes *|i£7f feohsJaf #a|o]| gx^e)^ 

?i gfssfe as his 4= a^. 

gxl^ej^al ?=E SEg. ill 1 4JA| gegoii oiolA-l gx|=f°jJf °| -?20|| cflsHAis *4| HIB^Ife as om°l. as^as a§s|x| 

aw, o«a ss ois ?i =Efe #g ^^eiE sck £E&, gxf^a^sj ^mou c«sn «*i ms»it as omxiti »ig o.inm 

M|x| 1pm B?Ms| 2°S SFfe ao| n^s|sna, 1 mx| sonm gflMIs) s(fe ao | fic| u^s|j+ch. 

gxi^a¥g| a-a ^goii. gx^=i¥# a^sft yen mew ageci. sx^gj^Mi aa &a0 || q^A-it, agie^t 
at «t D -tsss sas^s m S | Aissife a& omxiy, <xis #s s*jb, ria^sa. Tii^aa. lbh §ei gx| S S as sis 

SEfl, Si S*» £S*|x| as aal S|&*2t sa« Egst §a| gstshs so| utipiawtt oia sstHoll cflsjAle 
HI 6 41 a| SE||o||Ai A^ficj. 

£tt, a^ff eiJfat gfas ti*Ny|* aoi hj»si*w. on* *tm» s*ta°s gAje g^oiife awei¥ 

e ©sta°s s^*fe aoi Biifsiw. 0 [2f aoi a»a°s «iisia g^g^si g^s^s a^ss 4= a?i 

ofleoll.41ar^ Zt«f^a!Si}A|as| Eh^eEa*tfeq|oll salstcf. seB, ax|^a-^s| = j:^ 7|3|7Hs|o|x|7| fl|go|| 

EL ix|a| Sf3 »4fA| ? | fe g E 7fes« aW. 

(2) tta¥ ?g*|a tt3¥g| ^xhssai Afgsfe ^71 ygxHasfe H7\m 3nsi 7|fes g,, a0 | HHf5|sW:(a) gs|a| 

¥ spife: a?is e!7iA|oi[ y= Efe ss^asaMN ass fat 4= as ea, sss at gx^^^J^a^E^ gxi* 
a 4= at ^ife (w 4=*7i^: ^ns as a gxf# a^i&si g°s oi#A| ? ife 7|^( C ) y^i^: aim asoi naasfe ^ 
• mesw oi# s aastTii xiaai?^ 7i^y, < a ) mixi < c )2i n 7i^s ia^ s-»ii ^ we*i las ae ow^. 
°t» #s asei 4=#aoi sx|°i 4«saci a?ii fioy asonxiE #71 a© xassAi aa*t ao[ acK # aaai 

a»g s^fe a-a^S2| gx| o|§s *gA|^ g^g xis|A|7| fe go|c(. 

0 |2| #71 mssfe «3ee|ois>ii, asoiDicisTii, ss^aistii §°i si iEiasss!^ sra*. s-fifeaiit 

4fE*ii5 u«*ixis sfe s^*i*ns ass s 4= a^. 

se tiiEif o^aa s^ai # 7 | gj-sns. oti##a, 4,4'~h|^(2,2-cijui y «i y juiaii y it±iss se, gs« s^e&ii a<y| 

OJIAH Sj^slxisj y B 411^, o||# SEJ ^□I5!?ll 2L± SiSSI §^2| <y|i* £^A|a as *7| XHSSA^ a^i|s|cK 

Ha, ?ioiy gstaoi soixiAi gxi^s,' g^oi[AH aat^s ax>7i oi#a 4- asaf #a|oii 7Mi» ass 94,uia 4= 
acfe aaoiiAi, as^si nasi axj^a^^i ?gs|o S n*\M?iM s± a^* sasfxi as sas 

H£| tl-SfSS aa^2fgx^8l¥ gf^0|| Af§Sfe 301 BHt«|Sfcf. 

Ea, a?i¥2h axi^ei^oiiA-i §a© s-s^ 221 eimsoi °j<hai soggx oi^ & a0 | uiasism, eo#a% 01 
ye! aoi acfn|#s|sw. 

asaw cttaa ait^S Sa*!fe aaoil q*«Ai ^gech o|»ss, gsfB. iBasa, >H^=ati, LBS 52I Sxis yas 

«is«4=ac+. 

as, y*s "lei »o| gxi^gifat as^t sue aaaa s«A|?it aoi u^sii, <*« gx^SY* s*tasa 
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as, sfat^fc 7|jh mm n-n. ant-emm s*}s|ch sga a «ai ^ yEH^i xns si-g#°tH iMisfsKH 

S ate! &^s|smo ssfe g 0 | Hjg-swcK S^Ss - ! sgs|fe Hj-Bt(£xM strafe SSI 

?5 si 2*^21 yoia a! hshm 7iejs^ 7|^sje! ^oiami siai ^ sm. ses. 4=*i gai gsmis^ sins 
# gjwi g5«o S & ^ agi iBaaa m\ s\n swswassai ssr^* s«b t= sew. 

aStSa_?ilMo[2| S-o| s|oi sta^s| stroll t||s||A-|fcs 3 | m ae a2i ygoii iifBW s|gs| ajshj^ ojxleh 5nm 

M|x| 5nm S$W|2| &o| uhasishch. afS^sl af*M|7f 5nm »l!!£5 £|S. ifS ?l£7i AW£|fe g®o| fm ttf§^2| 5+ 
¥>Hl7|- 5,mn# iifstS Sj7f S&s| &o| StM SJtf. ntajA), a^s) st*M» 10nm m*l 3 M m a#M£| ffl£a sfe 

ao| acf uHHS|*fH, 20nm 1,im 8*1 Sfe go| u^5|s|-cf. 

(3) a^Sgfigf^SSSfe 8ISH-7} *(<XI« S3, 4.0eV o|#) fts, S7|3s=Aj £t©» set a£| SSSS Afgsfe 5<o| 
h^s|SW. ^|sj°£^, el&a^40|£(IT0). °JSS, ?<M, ttSfota, g. eijg, ga|g §a| 1g* JEfc 2£ o|y# 

saw * sicf. 

Sffl, yg#2| avails **l HI&EI-fe ae om*ISK 10 4*1 1000nm 63*1421 a££ sfc 3o| »(t»-|tp ( 10 4*l 200nm H 

aaa sfe aoi acf h^s^k 

£8, srs<xi awt gj-if-^-oii BfAf@ ®# st^cni ^sew ma ^ sje^ °s fssa, mc| ^^o^ 
#01 10% o|ai=i aoi uf#5(3^K 

S^S &a. #^§°llfcr «jftf=7|- ^#(o(IS *a, 4.0eV n|ett 3^. ?r3, S7| SE£ at as| Sgf»* A^sfe Sol uf 

esi*fcK ^iiis) °s-iEr □kmi#. a^°is. sue. ^-e, e gal is* ^ 2# oiy* ^&s|o^ a^s ^ a 



SE8 g^Sal at^lE flia-slfe ae oH^lei, 10 LHX| lOOOnm S*IM)e| Ji^S sfe ao| 10 i-H^I 200nm 

HflMiai stas *fe aoi sc|. urera«ct. 

(4) 7|Ehaa, e icnife L+atMJti af^isi. *7| el ±^ S 2| 4=© sj itial aas a# a*ii* as * we 

HUfsitt ass^i siasfe aisBtsf-ssonga^ is oi^ai seiem* aaa ttsjn s&s* s*&a|?i sstrai; 

#§a JpUSoii =f2t at S±SS- SalWIgS!, #£|=S3a, S£|oflinf|EB thiols, »b|o|o| = , sa|ya|| 

of, ia|E||saf#^x _ 5= i - = c ^IS^SSollS?!!. #a|tlSa£t|g^£so(|iiill Efe gsssals^i - J w z- 

c|»asc|g^£ S cH|§a «| gSUfll; S^S 1 % ol^al S*4( S3; S^g 0.1% o|*W gf#AH sa; | n> Sn , Pbi Au , ClJi Afli 
Al, Ti, Ni gS| g^; MgO, SiO, SiO 

2 , GeO, NiO, CaO, BaO, Fe 2 0, Y 2 0 3 , Ti0 2 ga| g^t^g; MgFz> LiFr A IF 3 . CaF 2 #2| S^sfg; KS*£SBLK flS^ 

ses.k asssi g^oii ao)A^ as#^a, iBasa, iHNga, ^liae, MBEtsxhAj *i- ^ 5 K 9Pitax)r )) B j > asj^EH ois 

B &m, o|SSB||o|aa, ia^o^ag(a^n^7| ois gBfloiSB), asa injE^t), sa^DhcVDS, b||o|^ cvDa, 
a CVDS, 7f^±i CVDB 3)3*1 *BSS 4= «cK 

axMiLaa^s^s. & yaai el skhai m 2 a-^i sehoii ^ «i 2 m 1 4ja[ ^ej^ m 

m. SL 1S H^lsl^ a* Sfol 8=§ 10, ttS^ 12. 14 S S^S 16* 7|eK£A|£)x| St©) ^SHS 

fit a^K 

=ia|2 J1! 2 4|A| gEBfe H| 1 a|a| se«s|, BE| 1471- gxK=^ gj si94>7h 2.9eV o|sfy ie^SS ? 

«s|o) Wfe So||A1 -yo|sfcK ifaw, WW WJoilMt S^**J StStS S SJl.^71 2.9eV o|sh°l EBa<HI mslW S 

■ys)°S ^gsm as| ef= ^Aioii cdsilAHfe q| 1 4Ja| sqi^ g^S ^ S! ^7| EL ±x\e-l goWl SJofAH ejy^SS §a|@ ^ 

ax^ea »t§ fli 2 ii-^i sekchi sicHAi, a^fl¥oiife a^**a ^b*sai hi 1 nMmn saw a^Hi 
as -a' ss iai ^sse aiJi, se& si a* ^»*« ft7i*»«(^sw 

s*7^ ac«« assft as 

«t, 2 4|a| gEjoll aoiAife HI 1 4(A| gEHSf sal "SI SS^o| ^ £g£f Afg*f7| nsoll, g^ollAl ^EIS gxn 
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Sfih¥2| *HS2f ygsfe a* at*J tt ^ SW. c^EhAl, gx^a^ofl flow o|§ still at «|A|*sii2| SMS* 

ai'-isa smsmh #71 el i^KHi sjchah b-^ fl£2 | gi 4=8 ass ££ii ^ sick 

01?|Ai, SX^gJ^Ofl AjgSfe Si »ff ^i?i st&SS Si S*W 5*!|s|-fcr ^ifii 3H= Alfe 2 5 921=1 x| et, ^iflsjss 
Si 2Hf «fHI SI Si gff- 321 ^ttM S 4= sicK Si SHf *N 5! Si Hal S*t*!4t3o| 2.7eV ol^HS a 

a, aessfolSSE 10 

- 6 cm 2 /V-S o|^£S ms.7\ !HS0[cK 

a«*m gi sffllSfe 8-?l£24fe h|*|a}£ SH? 3^S}SI, °1[5 SS *PI $mM AS. SA[5|-fe hsl|*(8HH 

fe2lis)AI *«. aEli(5,7-c[SSiS-8-T'ISH|fe!Ai *r*l, SE|i<5.7-qHSH-B-fl*a|*)AI *«, H£li(2-m|g-8-Tlfeali) 
Al Ha(i(5-o|H-8-fl*a|i»)AI sa|^(8-?ltea|»)Zr *!«!, S£|i(8-?l*£|fe)ln *M, aa|i(8-flia|fe)M 0 *Wi, 
S£|i(8-?ltea|fe)Cu *t*l, £a|i(8-?llia|tj)Ca =M, 5£!i(8-«*a|fe)Sn BLa[^(8-?lkE|Js)Ga *N a! H£i!i(8-?l 
sa| i Sfx-)| §°| l§Q^SEfc2#o|#2| i©#S^S!cf: 



a& Si If* *MIS UW5|« H»a*|oW o||* #°4 SMf-SW Site 5SfSA|o(y , CuHltSAloHd, Li = S 

SA|oft!, MgHttaA|o|a, Pb = «*<MoKd, TIHSSaIoH. GaHW£*[oW, CuOHSM-Moffcl S2| 15 26 2S o|aa| 



E g, a± ay *asafe ^mob e|o(c| 0 (# wssi, «eio« ^maa a flfea * 

SUM ol^-oia 2<J||Ai Ajs|s|te sm o|ya| JL-elXH S * »cK 

0 | S g dutsie ^Ajt|o« *E*)|2| enamel oil* sf7l SfSfii 5 a M, ElomohS 4fE*|2| c|i^»J od* s|-7| « 

ai 70| |, HUfssiasaloS *£S|2| ms^el o(|**|7| sjSfAj soil, ^Vi! #E*I|2| q|asj2l q[# s[7| SW4| Ml, flteg! * 
tJHIsl'qiasjoi o)[* sp| ahafil 10011 W-Jth 




£9i «CK 
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mm si 




SEfh ZiB-il WE*. Sail U oil & ff£J*. ?fat|o|a|£, ufsagjjgs!! gs| Ejlss^^tt ^« Sfe SIS S'H 

HI 84-194393 M tfSS HSS*1 7|*HS SAK2&& SfSf§ Afgshfc g.£ »Hti|3(c(. 

cl "api om a g-^V 2 t 9ev°oi si-si #s & same sin^h 2.9ev°oisK>iJi, s*i*#a afas-oi uamm %*wts. sis 

8ggo| 7fef!-gSSS2|S!cK icfaw 2SMr^2.9eV 0|8K>I9, HI 1 4|a| ge(ofl SicHA-j o|A|g ftgAH £ps3 Sf&a|3^, 
ifaiilse^, 3£-frS^, S-Sal3^2| a }s ^ i yga|g^s) asashl, aaslaa^sl £fiia|ig«?2| *S2!Sf*. 41 

a.#S^a| asfg Efe s|s##^a) sa^Wsol^cHS 2<**( tiMsife tM o|At°| #a#3^a*l ajs»^ 

E© ^Mm°S. StM^I- 2.9eV 0|sra H^S|tt 6S£ £SM*lt Na(8S=r: 2.36eV), KtSISH 5 : 2.28aV), Rb(8!?H=: 
2 16eV) 31 Cs(SI*H=: 1 95eV)°S o|Tol*l H ._ _ 3*7 S! CalSIS^: 2.9eV), Sr(SeH»: 2.0 Mjx| 

2.5eV) Si BatSISM*: 2.52eV)°S o|^*j 2°«A1 Aja|£|fc sw o|«a| y&a(i34Mt S * 5M. 

o, s g ficf H ^s|a EBSte K- Rb s ess o|^o|S 30M Adg|E|fe sW oiyo, gfB£l3^o|a, cm n^a|B 5!e 

Rb Efe csoi a, jfg ^gfsia csoick 0 \m %H2 %a fe^oi 32, g^a^ssi uia» ^gf°j sish 
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KIPRIS(SJWSISa) 



HI 01 II 13/28 



g*f« 212B 5J 212CS ?^SW 2+ gSfS 212B 5! 212CS^EH S*K>#£ #ttm S! SS« EBSf I 
SW?IS*f, HBf214» SIS 7|B 203* 313^4! 213AOII «^1^E, ofl = S3 1 H*| 100rpm°SS|? 

o|2| ao[ 7(B 203* x(aA| ? |g Ai *)xK»#Aj sjs.g. nj E£(ai gg*tsfo| gxHfS^ 14« HIZScK 



4 Sffi| B m-^H §sf*l|E2| =E«u|7h3^ 

ash °i £ i a°i *j*i»2s*i 7i» 203# s3a|?|i| atots epi msm n szt ai sgaswi e|o), ti±S2i 



SB. *ll 6 4U| SE ||=| n £ aa # 4W*Krq| 5 
yj H^^ol 7I&203OI EhSal as^5! < 
2| gifS 21 2A m*l 212E# uB*l*m 7h^a 22 
o| HUHSlaw. ££» 2032[ a a) §o|7|- zfi 



oi-h. 2032I sas as^it awe). msfS£7Si aos 141 

7[p 2032] 6|3*ti 213A# g^£S sffe 7tys 2212) S^feNI 3? 

isi was m, 7ie 2032j a Bai aoi# ls a a^wi, m>i/2xls sismt 
ssisw aia -yoi^ a^oiife 7ts a asi aoi* lm. a^. 

212ES£¥N7|&2030)I maS*!JHS2| "JAptEf *(£ SSSfPI tt^XJ 



»4d 213A» 5fc 7^S 2212| S^yo|| £*|sfe. gfBS & Sig2| S4xtS sitfal ? 

:K 5E», 2«u|* #o|*M| *hb g^oll^Als. so)*! *I*N tf*|stfe aol uHW 

} n£S a^oll zt g*rSS gel gAjoJAH 3607n2| zfSS u«*|sfe Sol $c|-. 



c+goll HI 6 41*1 Se«2| HlfE Srtfloll s|m H|s@ afatS»l 32 & »ll cflslW fief 4^1|s^l -aaa^. SW2| o||s. gxf**^! SfS" 
Alq# CsS Af#s|i, £ goli qefuj 7 |B 203S 5rpmfiS S|g*|7|a*( al¥^l at 1000A(4i 

Alq2| 5*t*f£E: 0.2nm/s 
Cs2| S*f^£: 0.03nm/s 

Alq/Cs2| at^sj: l000A(4iaa)ct*SS S. M i-fEia ^e| 710 203 fls| *SS(4A i-Hx| 4M)o)| sio|A1 ^sg a,ta|g2| sJ-^-JHI 
« i|jj4j at^si ^§7|5 AfSSKH «§SH1 5*l|sfe Cs/A!2| 2Ai Ej m X Aj S#&*I(ESCA)» • I •^S*^01 ^§*ra^K 5E 

a. £ 90l| ^21 7|B203 $|2| *SS(4A AM)° 7|g 2032| aa«o|E| 16gg«hoi a ffl2| goj P7fS0mma SAf 

ztga| o|g?S|s| gj2|2| aA)E|(i37llA)s»So|cf. =f=^a Sa|»a 10(| l.|e^dk 
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KIPRIS(S?H^8l5fi) 



HOI XI 14/28 



SH, 203S £|£U|?I*I St-S a OISMS q 6 UM m& ?a %%m\ st^HI ef 1000AMS&)2| Bjafgs SiSsm 

ct. se s«f^ao(i gsa t^t act. ^i, =^s »--bi§£! »ss(4a m^i 4M)°iW2| aw* a cs/aisi s«a|# 





at^l(A) 


Cs/AIH 


4A 




0.6 


4B 






4C 






4D 






4E 


922 






1022 




4G 




















908 






835 


0.5 


4L 












91 A H^sra sfe°H¥3 


M Sen 21 *«2 SKS* Af*S 7|@ 203 *|2| ^SS(4A Mf^l 4M)ol|Ai a 
Ueat¥»llo|Il, HSCs,'A|£| 3E«b|(sh|)7H.O 1 .10(-)£| HflEiHa 5 



e * sw. ofis ^1 swi siowt s^¥2f s x^a^* 7«g^2s niz\m\°j si-srst s^a** twH 

SW21 S£S SW£ #cK see, g^gsi- sf^gai ajo|oii ej 2 |2| »!tfi =« 4ta»«E S^. 

^A|0||t!A|0|| i cfso) E 5 §y E 7, SaESfSAI, # JjAlOII 10|| cUsM gSfick £ 5o|| £A|0|| 1°| #7| EL i 

Af 102a2| E 2CHI H 3 4jA| g E ||°| ^7| EL ±x\ 1022| ^5o)| Avs ficK q. th ^ a| o^j 1 a) #7| EL £XH02ao|| SUCH 

Aite-ss^a 18#, ss^as isa a ss4=*# isbs swt miM *t 3 hm m% el 



EL^2| H|s5a|AjA|o(| !o| = 7 | EL ^xM02aS i * ~ r '-"IS, ^¥11 1.1mm, Alls 200mm, 7f£ 

si tss #ei 7ie 22 floj =f=s 10°^ rrost *s s^s aasrat^. oi*h #21 71© 22^ ?ms 10s aw ?\ 
7 a e soil Ait 203) as w. t^siw 7ie 3o# oiiHssass Aiigsm, ae n 
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KIPRIS(S^H = 5l5fi) 



ffllOIII 15/28 



^ 6 ® 



(Q) 

WW 13] 



^ © @ 
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KIPRIS(S^H^SfSM) 



HI 01 XI 16/28 



EM-1SI BtJfsfl: 40nmCfSHS 6 212C 5U S«fi 212D£¥N qE« iHES =44 EM-1 5! US #<M°1I SgfA|?| fl. 

?i straw 12 won gx^a « 14= ji=e«k&ck 

EM-1S) gS^E: 0.1 MM 0.3nm/s 



EM-1/Li2| Bt^mi: 20nmaa. S-Mgif* feC || flow *M| g E ] 6 o|| u ( Ejyj »i^o)| ^ych 3f, gsta 212C S! 212Dfe 7|0 30 
(203)sj slS^ij 213AS¥N Sf8£l SOmmM «o)y -Jd*|s|ol jji, =1 #e«o||jH 7>fi*W ^ #SfS 212B 5! 

212CS^N zfzf EM-1 m Lie SA|oi| SSWgnf §A[of|. H EH 214* 6|S?S*I*1 ?ie 203* a|SSid 213AOII nm 5rpmS£ 
=W-I?IS-*H Si(?°J¥ 14»H|sshsach. 

»W»t£S 212DS¥£| Sf7|°| IJjSS Al« $SW?j gxHpa¥ 14 ?M g=}» 16* #S|A|>ack 

Aia| mm/sAI2| sHf* 200nm(3) EL ±^a| 87(^8 #7[ EL ^ i02as| 16* SRg 10* 

sfwa^es «kh Afoioii 7V2[ s^s ernstM. 0 | mai a# ast *pi a 3ml 4ek* a0 | i.omA/cm 

2 o|H, o| 40cd/cm 2 o|a|, grille S*qo|acf. 

se, ■& ^no2aai ya^as iooo-mtjoisjek ip aa={=9oiBffe as ? | £7f sss 3 mispi aas *iae 

oil* SS, 4fA|0|| 10)[A^ 40cd/cm 
«olH na| 20cd/cm 2 £S * KH;;M Ssg a M °>s tef . zjz, g 2( s a 3 W u h Efac f . 





2] fl- 
ip! 






stssE |a*fa*w 




















1000 


2 


EM-1 


EM-1/Ca 






50 [2.3 


1503 


3 jEM-1 








60 I2.B 


1600 




EM-1 




























EM-1 












3000 






EM ' 










1700 




EM-1 


EM- 
1/Cs/Na 












9 


EM-1 


DFAD/Li 














Elv'- i 


















Alq/Na 
























2.5 


1000 




EM-1 


H2;Sr 












°S S <H<&5\ fe!A|o(| 2d[ c| 


J! A) AJ 


Jar4. AjAldi 2 °l 


Sf7| EL±WS| ^ 





na|2 EL ^AM AjAioj 12 f gslsfll s|W aa« el^efach o| d|s| g^SEt *p| s. 3o<[ 4Efyj ukaf eo| 
1 ,2mA/cm 

2 o|ri 50cd/cm 2 o|Sct. aa-4|A|o« 2s| ELixje) Ba*ae 1500A-IZ.WISJCK zfzt^^a 341 » 4Ef u Ji 

^A|ojL3c«o S # Hj-gal 4!A|o)| 3011 msHAi ait). 4Ja|o|| 3 2( ^7| EL ±XfS| ^rEfe 4|A|0|| 1 s| #7| EL ixf 1 02a2[ ?5 



http://patent2.kipris.or.kr/pat/FULLTEXT/101999001 1712/101999001 1 71 2. XML 03-11-07 



KIPRIS(S?H^8)=a) 



ffllOIXI 17/28 



2 0|2, 60cd/cm 2 O|gcK IB 4JA|o(| 32| ^f7| EL±A>2| B>2H=SS 16CX)A|?iO|5ic1. ZW =t"^S 2 3t»l 

aja|<h 4 ^§°a S Sfgal *Ja|o|| 4<HI «A| U<8Qc-k HM<H\ 42| S7| EL^i*>2| aja|o(| 1S ] EL ±n 102a2| ^PZ 

^ SfflSHi, 4|A|of| 131- §Sl«W HI2*racK c|-o} a|a|oj 40|| Si<H*U= gx^g^otl Li 3^ mil K(tfg) = 

EM-1 1«o« tflsHAH 1.3* a^wa^K 

nau #?i el ±m -um 13* 7vai siff sag ti7>«KacK oi s#asfe jpiai a 3^1 m eoi 

2 0[2,^ StSWEfc 146cd/cm 2 o|<Hch. ste 4|a|oj 4S| ^7| EL fflB^BS 1800A|7Jo|acK z+*t S3!* a 30)| uf 

{ja|o)| 5 m*i s vpsm w*i 5 70:1 tm*\ um\ 5 m*i 721 el^si im°t 1*1 *7| 

EL :£X1 102321 fiif Si! s(2, 4|a|o|| 1^ gijsM JIISBK&cK c[°h 41A|ofl 5 M|x| 7o|| a of AH t gxFf^ofl S&S 
SAf Li tflAj CsMa) S^S, EM-1 1*011 PWM-H i#(-4|a|oj 5), 1 .5#(4|a|o|| 6 ), 4.0»(£|A|of| 7 )g ^ S^WScf. 

naw el ±m\ ami m ssism 7vsi *i# sa# a^f*ta^. oi mai s#s£fe 5011 aowt 40mA/cm 

HI 7011 SOfAffc 2SmA/cm 2 0|5J^. SSS g*cH|AHfe. Cs tpftfol *l# 

oil «ofAHfc i000cd/cm 2 o|H, 4|A|of| eo)| xiofA-ffc I300cd/cm 2 o|31, a|a|o)| 70II a of Aft 

L :txf2| a>a^So|| cflsflAHfe 4jAioj| sfe. 2500A|7JO|i. 4|a|o{| 6S 3000*I?JOU, 4|a|o(| 7« 1700A|7_k>|acK 
■£i e age( 4JA|o|| soil qfaJAH ggsi-cK -4|a|o(| esq #7| EL «H ?it 



aa|a^7| ELiXKHI 4!A[o|| I^SilsM 7V2| 3^ 3£f« SPWScL o| ms| 40mA/cm 

2 o|2, 1000cd/cm 2 ol»cK iE*h 4|a|o(| 82| #7| EL i^a| »tg49* 2500A|7Joiacf. ^ aafs a 3011 4 

4tM. 

4|A|oj| 9 d§°g * a«2| ^A[oj| M «ah aSecK -yA|o|| 92 | EL iA|2| ^sfe -Maiixi 12 ) #7| EL ^ 1 02 a a| =f-s. 
2f SSSM. a|a|o(| goJAHfe gx^a^LBI His EM-1 c«S SPI 14S LtEMfe ehsshs o|S«|(DFAD)« A^ 
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KIPRIS(g}H«?5iSH) 



HI 01 XI 18/28 



=1E|3S7| ELrMW 4|A|o| 13f #«J*WI 7V2| *l#ay# 2i7f5(acf. o| HHS| 3#a!Efe 1.5mA/cm 

2 o|a, ¥|E-b 60cd/cm 2 o[2(cK SES A[A|of| g°| ^7| EL «HK=ae 1800A|?Jo|=Hch z*a 4=^8 MS a 30HI 

1Q ca°5 & Sf?J2| £(A[oj| 10011 cflsM agticf. -y^loa 10J2I tt^I EL^a| 1°| ^2h §a*W. W 

4fA|ofl 10o||A^ gxf^a^fil mas EM-1 Qlil S»«M AS. i-JEftH A |q# Af*sU ft¥!£ JEEMiSA) u 3^ Cs(a1|#) 
t^st»1 Alq 1#o|| loss Sfe »|§S g7^SQ. o| g*2| S^a^2| ?a|go|ai DSColl a|«H *3SSS 

nfl 180TDO|2ic>. seax^gjif 0|S|S) ^ Se 4|A|o| 13(SS*U|S % H^>*3.*V2.H. 

EL£*M 41*|o| 1**SI«W 7V2) 5|# atf* S!7t*rach o| at|9| Sfl-S!£te- 25mA/cm 

2 oU, flEfe 500cd/cm 2 o|atK SEft £A|oj| 10£| ff7| EL £#3\ "JB^SS 2500A|ao|«ct. zfzf =^S 3*1* £ Soil i-fEM 

ajaioii 1 m ass a iraq ^ A i°« n°« flaw saw. 4i A w n 2 i *?i el^si aw^ 121 *7j el^sj ^ast 
511 »td a amm noiwfe an 1 ? su a*r?a¥2i issem-i m*j 4 a l-iep-j Aiq#^ssuess se=sA- 

Li mi! NaMES) AlgiS^ Alq 1-goil <«AH 0.5-gS sffe n|#s «7WHc|-. £S SW6lt 0|2|2| A § 

s4iA|o(i i^ssje^aa BW*£«racf. 

# ?i el iwi *ja|oj iat ssi*w 7V21 seta azwacK 01 mai a#as.fc 3mA/cm 

2 0|2, ?|£ir 200cd/cm 2 o|gcK Eft A|a|o| #7| EL iA(o( ufy^g-g 3D00A|7JolHcK zfzf 33K a 30)1 4EltB 

cK 

M^M_L2^S°SS af«2| 4jA|oj| 120|[ cfls||Ai 4J8£W. 4|A[cJ 122! ^7| EL ^*>2| =P5fe 4(A|0| 1°| ?7| EL i*T2| ^S2f 
-SSJW. c(Ef 4JAI0H i20IWfc S^gJ^s) mas EM-1 Aid i|-*t±j 9S 4ej\d! f)^ii£! «ft#(H1)S A^st2 ftflg HEt 

HSAi u ^ ma cs m iso« cma) loss. *i=e^ sk= ^msra^. 0 | a^2| a*wsi¥si #aia 

oia#Dscoii 2|sd *gsisai io3toisach. a&gx^a? oumsi a utfasm a et^is*ra^. 

aa|2 #7| EL ±A^| 41A|oi[ ,aj %%n\n 7V2| £!7hs|-2^. o| oflsj g^SEfe 5mA/cm 

2 o|H, flE-fe 700cd/cm 2 o|SDK 5£ffl ^a|oi| 122I #7| el iA(2| B!iK=8e 1000A|ao|<acf. =r^@ 82* E 3CHI i-hEW 

-fe1A|01| 13 L[g£S S S92| 4|A|0j[ 13011 CHSJAH aS&Cf. 4|A|0| 132| #7| EL iX|-2| Wfe 4!A|01| 1 2| #7| EL iAJ2| ^=E2f 
fgSH. CfEl 4|A|0K 130||Aife S^a¥2| A«S£ EM-1 C«Aj sp| ^SfAJ 15S 4 E|-LJ ^aic|o(S S1H#(H2)S ALSSL2, ft 

ft« seasAi Li ^ fflAi sr Af&sM H2 1*o|| msfAH 1 .osa *1fe h|SS a7hsfacj: 



WW 15 J 
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KIPR!S(5Jm8)gfi) 



Ml 01 XI 19/28 




AjA|<ni i5 ci-gaa& s?gg| am\ 15011 puh t asscf. *w°« issi ^71 el^ei ^s^am 1421 ?-z2i§a*«. cpy 

4|a|o| 1S0\\M£ n 1 2a°£-M BaO 5 PI 4! s}*»ll 5nm2| LiF(gstiilg) g* gggSfoll 2|sfl ggsfact. ifi JH 1 31 S 

g 20 o|a|a( a ge -yA|oj| 12} sag- ma S! a^lfi sta^f. 

aam el ±m\ urn 1^ 7V2i 3* sets smsrack oi msi s^aEfe 2.2mA/cm 

2 o|a, aa flEfe 150cd/cm 2 o|Si^. EE© 4|A|o| 152I #7| EL ixfsl gra^SS 3000*1 7Jo|5t!cK ^ asf* a 4CHI 



AjA|ofl 16 C|§°5 & Sfila) *M|oj[ 16011 wnH 4|a|o« 162[ S7| EL ±.x\si 4|A|o)| 14. 

2f #s|*W. cfej 4|A|of| leolHfe H| 1 7|| as 202S*I BaO S PI 4! 5nm2| SrO(4iS1iHSB) { 

asia^t. ia m 1 n&s 20 oiaiai a *e awm 1^ §a& *is a a^wis sia^. 



a&ln #7[ EL ±Wl i3f sasw 7V 

2 o|2, flEfe 100od/cm 2 o|Sl^. f£S i! A l°ll 



1 «l# Sa» »JJIW. 0] "Da) SfSife 2.0mA/cm 

62i i?7i el ixi2i aa*«e 2oooAiaoiaci. aa a^i« a 4c 



. H(SO)| 12| #7| ELi 



21 ^sai §a«w. C 
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KIPRIS(gJH^fflSS) BIOIXI20/2 
fe a^Sfal Jiss EM-1 Oiii «p| ajst-4| 16°S ^Mfe =yMssg^£a!t(TNF)S Args^cL- 

0 2 N ^.NOz 
O 

oi s^s*2i a^a^s4.ievoi2(^. sEsa^a¥o|2|2i ztss A|A|oti i^sat^s si st^s stsw. 

=LSi3. #7[ EL ixM ^A|oj| ml- sa*WI TVS! SIS aa« O! fl]2| g?SES 0.1mA/cm 

2 oia, ¥i£femsi^i 

almoj 121 #71 ELi*M*fe aiff»J¥2| S*H3SMNo| 4.1eV3 fe7| cHSo)| tnf?I ae^s) S|a£| *fffl|# S£871 

i-i sfe m^\M a as <H7iy E pj ax^°j? s oi§*n sa» a* a °s a^s^. 



Me'T'Me 



oi a^si sxhmi'mi ^Eiaoiae soxjoia^. a*t^a^ 012121 n ss -a^icm 121 #ae *ns si =-t¥ts *isw. 

ziEU #71 EL £*N 4W<>(I 1^ *°J 3 W 7V2 I SSf* oi qai 3*S£fc 0.2mA/c m 

2 o|a, £7J 2cd/cm 2 * ^«ttMe> g ±#etSM. 

n #aiaoias sods y?i msoii # a aasmi a*t 



3 i gx^a^si saiaoias 62-coiad-. a© g*mj¥ oiaisi ^ 4|an 1^ saa- s s+^is *iac 
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HI 1 SMI 

nn & mum 4 agoi-e soil mow, 
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K[PRIS(S:H5«gS) 



Ell 01 XI 22/28 



hi 1 « mm m 5 as ch^ a now, 

»S£ ES£2| US4=# 3.0eV o|af2) StS.^ a# ^g»S sfe #7 1 ax| as ±xh 

q 1 a mm hi 6 as <Hi= a goii yow, 

#a4l fECMi^ Li, Na, K, Rb 5! CsSS o|^o)g ?s S =e| ajheh= SH o|#s| afSa|3^gJS ^5l£S sfe *7| a*1 a# 
HI 1 a MM HI 7 a# (Xi a ©oil 91<MM. 

axpf °JJft=| o|| Li x| *K>I# 2.7eV o|4fa| S2S SS 4S^S sfe ^7| 3xf 3« 
HI 1 » MM HI 8 Sg t>|i a ©oil £!°W, 

^©3= ZEJ ttasul fiS-a 1:20 lb x| 2C:i(«a|) aj?|M|2| yo s s|fe #7[ a*l ±XK 

hi 1 a mm hi 9 ag oi- a awi mow, 

shwsl ax^a^oii sm* sesw as sas s-s-ai zaai sfa*s a*ae *tfe a*f w-b ± 
xii 1 a nx| hi 10 as °i;= a ami ti»w, 

s=g2f a^¥a^ Ahoi a sws^t sra* -moi, oisg oth a 3011 aiass a*ia# *s°s *t *7i tm ^ 

§¥©12 

aicHs y^s. sra*. a^a^f a s^gs *ts» sw. 4M a^ej^i h*k=64! was a sa^i- 
2.9evoi^°i aaa East 3ta*u, ssawa^ai axfsaais i.e mm 3.6evy*iMisi a* 12,3° s. *t= # 
7 1 a* sra axk 

s?ai3 

hi 12 ami aiow, 

»SS £EB = 7h Na, K, Rb, Cs, Ca, Sr 3! BaS o|^o)S 32.S^Ei a«|s|te «W o|ye| a&£|3^ SEfe a&£|^3^rg|# «S 

g°s St ^7i g xi- as^xK 

HI 12»sfeHI 13*!HI SloM. 

sfasoi a* ^» siass s&a* *tt S7i sn as £xr. 

HI 14 Soil 5UOH, 

Si as ^asfasoi u± a* stai, ¥i*s sh«i. in^-aa seh, ^moi^ eiowohi a a^ion # 

E«s o|Jfo)S 52S?N -ijajsife s ( l| o|ys| sraegIS ^S°s. *fe #7| Sxi gm 4*1. 
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